This paper presents Kin-LDD (stands for Kinaesthetic Learning Difficulties Diagnosis), which is a tool that supports the special educators during the assessment process of children's learning difficulties. Children using Kin-LDD, instead of participating in a tedious and extensive process, they are playing a game. The tool is using a natural user interface for the children-computer interaction, combining gestures and typical mouse usage. Kin-LDD provides a set of activities, by presenting the material in text, images, and sounds. Kin-LDD is also available to school teachers and parents, for the early identification of learning disabilities before engaging a special educator, but mostly is a tool for special educators to include the 'fun' factor into the diagnostic process. The tool offers activities for spatial orientation, time orientation and storyboard sequencing and reports a set of key performance indicators, related to each child's performance in these activities, to the special educators helping them towards the diagnosis.
Introduction
In this study, our goal is to introduce 'fun' into a diagnostic process for children that is tedious, extensive and definitely not fun: the process of screening children for the identification of learning difficulties. Towards this goal, we have created Kin-LDD (stands for Kinaesthetic Learning Difficulties Diagnosis), a game that uses a natural user interactivity interface, introducing gestures to aid and gamify a part of the screening process. The efficiency of the usage of gestures in this game facilitates the diagnosis by offering a set of key performance indicators (KPIs) to the special educators. The use of the Kin-LDD makes the diagnosis more fun for children, while engaging them more actively in the process. Therefore, Kin-LDD is a serious game offering a set of activities for children. Although the term 'serious game' is a contradiction, since games are supposed to be fun by definition [1] and educational games are expected to be more 'serious' than the games used only for entertainment, deliberate effort was put to make this game fun for children.
The term 'children with learning difficulties' was introduced by Kirk and Bateman [2] and includes these children who show an evolutionary heterogeneity to their psychological functions, which restricts learning in such way that they need a special educational program [3] . Learning difficulties include common learning disabilities (such as Dyslexia, Dyscalculia, Dysgraphia), auditory and visual processing disorders, and attention disorders (such as the Attention Deficit Hyperactivity Disorder (ADHD)) and are related to emotional, social, behavioural and cognitive development of the children [4] .
Children with such learning difficulties often demonstrate reduced capacity of time perception [5] and in some cases difficulties in perceiving space (i.e. to distinguish the right and left), the directions, as well as to calculate distance and speed [6] . Additionally, the use of natural user interfaces that include gestures can stimulate development of motor skills in children [7] and in particular in children with learning difficulties [8] . Utilising such interfaces, children interact more naturally using gestures while body and brain stimulation occurs during play. Although there are examples of games for children with learning difficulties, to the best of our knowledge, this is the first time a game that is using a natural user interface is used in the diagnostic process. In this case the use of the natural user interface not only eases the Children-Computer Interaction (CCI), but also serves as a parameter for the children's performance.
The diagnostic process of the evaluation of learning difficulties is, most of the times, an unpleasant procedure for children. This is mainly because: a) the tasks that children should accomplish are test-based, often using just pen and paper, b) the duration of the whole procedure is extensive and could last up to two hours, and c) the fact that they are examined by a specialist could make children feel quite uncomfortable during the entire process. Furthermore, for children with ADHD, it is difficult to follow the test-based procedure of the assessment. Therefore, the motivation of our work was to exploit the features of a natural user interface in CCI to make the screening process for the identification of learning difficulties more fun for the children.
The rest of the paper is structured as follows: Section 2 presents a short literature review from the fields that the tool is based on, section 3 outlines the approach followed to create Kin-LDD and section 4 presents the tool per se. Finally, section 5 summarises the main results and discusses limitations and future work.
Literature review
The work on the design and development of Kin-LDD was based on previous works on three fields: a) children with learning difficulties and the diagnostic procedure this tool is assisting in, b) games for children with learning difficulties and what are their specific requirements, characteristics and WOCCI 2017: 6th International Workshop on Child Computer Interaction 13 November 2017, Glasgow, Scotland, UK usage for facilitating learning, and c) games that are using a natural user interface, including gestures, to stimulate motor skills and improve learning in children with learning difficulties.
Children with learning difficulties
Numerous definitions of learning difficulties [9] [10] [11] have followed Kirk's [2] definition, and, as Hammill [12] presents, despite there are differences on definitions, there is a consensus that learning difficulties refer to a heterogeneous group of difficulties that are intrinsic to the individual, follow them for their whole life and, although this difficulties may occur concomitantly with other more serious handicapping conditions, they are not the result of those conditions.
The identification of learning disabilities happens usually between the age of 5 to 8 years (mean age 84.2 months) and only a small percentage of these children (12%) are identified by a physician [13] , while most cases were identified by parents and teachers during school and confirmed by a special educator. In school, teachers collect data from various resources that include daily observation and assessment of children's' performance. Although the number of children with learning difficulties is around 13% of the worldwide children population [14] and learning difficulties are acknowledged as a serious problem, the identification of such difficulties is not easy. Learning difficulties differ from each other both in terms of their potential causes and in how they are manifested and dealt with in practice. For this reason, it is very difficult to formulate detailed ways of diagnosing and addressing learning difficulties that are applicable for all cases. Each category of learning difficulties requires a distinct method and process of diagnosis and treatment. But even in the case of difficulties falling under the same category, there are differences from person to person.
The diagnosis is made using specific weighted tests [15] [16] [17] [18] [19] that compare the child's level of fitness with what is considered normal development for that age, combined with interviews, observation of the child's behaviour and history recording. While in most cases these tests are done on paper, computer-based tests [20] [21] [22] [23] are used to mostly automate the test completion and are performed on typical desktop computers using keyboard and mouse.
In this field, Kin-LDD offers a tool for the special educator, providing KPIs for important parameters such as the time and spatial orientation and storyboard sequencing, while children are playing a game.
Games for children with learning difficulties
Kin-LDD is a serious game, since it is a game that "entertainment, enjoyment or fun is not its primary purpose" [24] . Such games have been used extensively for education purposes today for both children and adults [25] [26] [27] [28] and make a multibillion market worldwide [29] .
The use of technology to assist children with learning difficulties was acknowledged very early [30] , as well as that computer-assisted learning can be extremely valuable for children with multiple difficulties [31] . In the literature, several games are used to improve reading and learning skills of children, while some focus on children with learning difficulties. Charlton et al. [32] used a set of games like word puzzles, card and board games in the classroom for children with learning difficulties. Their results showed that children improved their performance on reading when educational games were in effect. Frutos-Pascual et al. [33] used serious games for children and adults with time management and organisational problems. Cassar and Jang [34] investigated the effects of using a game-based instructional approach to improve word recognition and spelling with children diagnosed with reading difficulties and ADHD. GraphoGame [35] is a game for children learning to read Finnish, assisting children with dyslexia as well as non-native children that are learning to speak Finnish. ECHOES [36] is a project for children with high-functioning autism and Asperger Syndrome that allows children to interact with intelligent virtual characters and socially realistic environments, within a rich, multi-modal 3D environment.
There are not many works using games for the identification of learning difficulties. Theodoropoulos et al. [37] use a game to investigate whether the child's cognitive style is factor that differentiates the way they perceived the learning experience through games. CoPS [38] is a computerbased cognitive assessment system that includes eight tests of basic cognitive abilities, including phonological awareness, auditory discrimination, and short-term visual and auditoryverbal memory. CoPS, which is a set of computer-based tests, could also be categorised as a game since the tests include animals like rabbits and cartoon characters and while children are interacting with it, they are effectively participating in the test, however, interaction is performed only by using the keyboard and mouse.
In this field, Kin-LDD is a serious game that collects indicators that will be used for the diagnosis of learning difficulties, while children play a game.
Games using gestures for children with learning difficulties
Natural user interaction in games, in a combination with learning context, has been the main focus of multiple studies throughout the recent years, with gestures and body movement being among the key areas of interest [39] . Interactivity using gestures and body movements, provides the means to enhance learning motivation, performance and children's engagement in the educational environment [40] . Gesture-based serious games have many advantages compared to classical methods, such as the physical activity, the feeling of active participation in the learning procedure and the better understanding of the content [41] .
Additionally, there has been an increase of studies which use serious games and natural user interfaces in an educational environment for children and students with learning difficulties, allowing them to participate in a more fun and natural learning environment, using hand and body gestures. Works in this area include the use of motion-based interaction for children with autism [42, 43] and for children with disabilities, based on the child's acceptance, motivation, learning styles and performance to enhance the learning procedure [44] . In the study of Hsiao and Chen [45] for preschool children, the development of an interactive game, is proposed, to improve their learning performance and motor skills. Sales et al. [46] present positive findings when children with learning difficulties are taught reading and writing through gesture-based interfaces. In the study of Kourakli et al. [8] , children with special educational needs, use a set of games with gesture interactivity to improve their cognitive, motor and academic skills. Therefore, Kin-LDD, by offering a gesture-based interactivity, induces fun in the diagnosis process, while providing KPIs for each child's motor skills.
Approach
Our approach focuses on helping special educators to identify children's potential learning difficulties, in a more natural and pleasant environment for children. The tool can also be used by school teachers or parents, before an appointment with a special educator is scheduled, as a means of providing an early warning that a child may need further evaluation. In particular, for Greece, according to the law introduced in 2008 (Law 3699/2008), the assessment of children with special needs takes place at a Centre for Differential Diagnosis, Diagnosis and Support, by a special educator.
In such centres, children are evaluated for their learning difficulties by appointment in a one to one session with a special educator. During a typical diagnostic process, the subject is presented with a series of questionnaires and exercises to undertake using mostly pen and paper. This process is unattractive for children, who feel they are tested against their intelligence and are subsequently stressed, furthermore skewing the test results. This is especially true for children with ADHD, since the fact that they are obliged to sit in a chair for about two hours is inconvenient and frustrating.
Usually before an appointment with a special educator precedes a school teacher's review. Each academic year, school teachers fill in a form detailing each child's behaviour and educational performance and highlighting potential links to learning difficulties. This is a typical practice, since teachers should plan an alternative form of gradual assessment, in combination with traditional methods of evaluation [47] . Therefore, Kin-LDD could also be useful to these teachers, using it as a form of confirmation for specific aspects related to learning difficulties, before they urge parents to evaluate their child's learning difficulties by a special educator.
Regarding the Kin-LDD methodology, the tool investigates mental skills related to time and spatial orientation and storyboard sequencing, while using physical gesture pattern detection, via a natural user interface, to measure children's motor skills. Mental skills refer to the way the information is being processed, which includes the following steps: a) receiving of the information, b) understanding the information, c) defining the appropriate response, and d) performing the movement [48] . Additionally, motor skills relate to the procedure of an individual, achieving a predefined goal by acting instinctively and making their body do something or follow certain body movements [49, 50] . The development of motor skills plays a key role to the expression of children's learning behaviour [45] .
For spatial and time orientation, children with dyslexia or similar learning difficulties, usually have slow visual or acoustic information processing, while many of them have problems dealing with spatial and time orientation, left-right discrimination and directionality [51] . Visual-spatial impairments is also a characteristic of children with nonverbal difficulties which results in a spatial orientation inability and in a difficulty to perceive distances [52] . To examine these parameters, Kin-LDD includes activities corresponding to the respective abilities.
Furthermore, the design and development of the tool's activities was based on the questionnaires presented in the previous section, as well as on specific questionnaires in Greek (the "ΛATΩ" questionnaire), which are used by the special educators during the evaluation sessions. It is also based on the assessment form, used by teachers in Greek schools. The first step towards designing and implementing the tool, was to analyse these questionnaires. The content was classified in sub-categories, based on the type of the ability assessed in each questionnaire. The next step was to decide the selection of the categories to be included in the tool. Afterwards, to design the appropriate activities to be developed and design the CCI for the tasks to be presented to the children. Finally, the KPIs were implemented to report on the precision, duration and accuracy of the CCI and to be used as indicators of motor skill performance.
Therefore, Kin-LDD is a tool for special educators helping them to: a) reduce the duration of the diagnostic process, b) track the duration of each activity, c) store the results of the process for post-processing, and d) make a part of the process more exciting and attractive for children. Additionally, Kin-LDD could be used by parents and school teachers, to aid in evaluating their children's learning skills.
The Kin-LDD
The name Kin-LDD is selected to imply the use of kinaesthetic interactivity offered to the children through Kinect hardware, while LDD stands for 'Learning Difficulties Diagnosis', which is the scope of the tool. Microsoft Kinect is used for the implementation of gesture recognition. Kinect [53] is a motion sensing device, which includes an RGB camera, a depth infrared sensor and a multi-array microphone and its functionality includes capturing of hand gestures, body movements and voice commands.
The game is segregated into two modules. The first module consists of spatial orientation activities and the second, time orientation tasks, which also includes storyboard sequencing and categorisation based on time. All the activities in both modules are presented by text, images and sound. The natural interactivity is achieved by the 'selection' and 'move' gestures. The children can select an object by placing their hand on it and holding it for a while. The moving (drag and drop) of an object is achieved by closing their hand and releasing it, on the new position.
At the end of each module, Kin-LDD provides a positive feedback "Congratulations! You have completed successfully the session!" to each child, regardless of the success or failure of each activity. The aim of this positive feedback is to reduce the sense of being under assessment and to sustain the child's positive state of mind for the activities that will follow.
Spatial orientation
During the interactivity in spatial orientation module, the children are asked to select objects from each activity screen. The task they should fulfil is displayed as a text, as well as sound, since a narrator reads the instruction on each screen of the game. Also, when the user hovers over the speaker icon, the current activity instructions sound file is replayed. The spatial orientation directions are: a) right, b) left, c) up, d) down (or under), e) in front of, f) behind, g) in the middle, h) between, i) inside, k) outside, and l) next to. Totally, eighteen activities are included in this module. Figure 1 is a screen from the activity 'in front of'. To complete each task, the children are asked to either put images in the correct order, or categorize the images, or place the images in the correct position. An example of time orientation tasks is presented in the Figure 2 , where the user should place the apple objects in the correct order based on how an apple looks like before it is bitten, during and after. This activity, is part of the group of activities concerning a clear distinction of chronological order. The activity in Figure  3 presents the story of a boy growing up. To complete this task, the children must order the pictures of the boy starting from younger to older.
Key Performance Indicators
During the CCI in the game, KPIs are stored to help the special educator in the retro-respective analysis of each child's interaction.
For the activities where 'selection' is the expected children action, the KPIs include: a) the duration of each task (the time begins counting from the appearance of the first screen, until the selection has been completed, regardless of the result), b) the count of the correct and incorrect choices for each activity, c) the precision of each selection, and d) the number of the selection attempts (how many times did the child attempted to select an object unsuccessfully in each activity).
In the activities where 'drag and drop' is the expected children action, the KPIs include: a) the total duration of the task (the time begins counting from the appearance of the screen, until the last object has been placed on the target area), b) the time needed for the drag-and-drop action for each object of the activity, and c) in the case the children drag and drop the objects in incorrect order, the count of the wrong objects in the sequence at the end of the scene. All the above KPIs are stored in a file, which the special educator can access and process for further analysis. 
Conclusion, limitations and future work
This paper presents Kin-LDD, a game for children, which is also a tool for special educators helping them to collect data for spatial, time and storytelling issues related to learning difficulties. The game uses a natural user interactivity interface, introducing gestures to gamify the screening process for learning difficulties. The use of Kin-LDD makes the diagnostic process more fun for the children, while engaging them more actively in the process.
A limitation of this work is that children with multiple problems that include reading, vision and kinetic difficulties might have problems using the game. Another limitation is that, although teachers and parents can use Kin-LDD to collect data, the analysis of the key performance indicators related to each child's performance in the game activities, requires a special educator.
Future work includes reporting on qualitative and quantitative results from the use of Kin-LDD, which is a lengthy process, due to the special nature of the diagnostic process. This process will produce a data set from the children's activity results, which could be further analysed automatically. Internationalisation of the tool, by adding activities in more languages (currently there is only available in Greek) is another future goal.
